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(57) A controller systenn for a molecu lar sieve device 
controls a product gas generated by n molecular sieve 
beds (BED1 , BED2) for separating a gas from an input 
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has an input (10) receiving the input gas and n outlets 



(11, 12, 13). Each valve state in a first position creates 
an open passageway (14) from the input (10) of the slide 
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Description 

Background of the Invention. 
5 1 . Technical Field. 

[0001] The invention relates to the field of gas generators, and more particularly to a gas, such as oxygen, concen- 
trator for a breathing apparatus. 

10 2. Background Art. 

[0002] The useof on-board oxygen generating systenns (OBOGS) technology forsupplying breathing gas for aviators 
has been used for nearly 20 years. During this period, many pilots have complained about suffering from prolonged 
exposure to high concentration of oxygen in the breathing gas. The ASCC Advisory Publication 61/59 recommends 
15 that the inspired gas shall not exceed 60 percent oxygen with cabin altitudes below 15,000 ft. The present invention 
provides a means of controlling an OBOGS to produce the desired concentration of oxygen. 

[0003] Oxygen generation for aircraft breathing applications requires that the product gas concentration stays within 
predetermined altitude-dependent minimum and maximum physiological limits. Normally, the minimum oxygen content 
of the breathable gas is that required to provide, at all cabin altitudes, the same or greater oxygen partial pressure as 
20 at sea level. A maximum oxygen concentration is set to reduce the likelihood of partial lung collapse during low-altitude 
high G maneuvers. IVIore particularly, the risk of partial lung collapse increases with the risk of total adsorption of 
entrapped pockets of gas in the lungs, which result from distortion of the lungs during high G maneuvers. The risk of 
total adsorption of the entrapped gas increases with increased oxygen concentration (i.e. reduced nitrogen concen- 
tration). 

25 [0004] IVIethods are known for the generation of low-pressure oxygen-enriched air. One such method is referred to 
as pressure swing adsorption (PSA) and has the advantage of being able to provide oxygen-enriched air in a short 
period of time after the supply of a suitable feed gas (e.g. pressurized air). The pressure swing adsorption process 
uses pressure to control adsorption and desorption. According to this process, the nitrogen in pressurized air is ad- 
sorbed in a molecular sieve bed while the oxygen passes through the bed. 

30 [0005] When the molecular sieve in the bed has become nearly saturated with nitrogen, the bed is vented to atmos- 
pheric pressure. This causes most of the nitrogen-adsorbed gases to be desorbed and discharged from the bed, In a 
two-bed system, when one bed is producing oxygen, some of the enriched product gas is flushed back through the 
(vented) other molecular sieve bed to further lower the partial pressure of the adsorbed gases in the vented bed and 
to complete the desorption process. Using two beds that are pressurized and flushed alternately provides a continuous 

35 flow of product gas and ensures sufficient pressure for the flushing operation. 

[0006] The known OBOGS are generally based on the molecular sieve gas separation process discussed above. 
Such systems are said to be "self-regulating" since the pressure swing desorption increases with altitude, and therefore 
theefficiency of the process also increases to ensure sufficient oxygen concentration at high altitudes. More particularly, 
since each sieve bed is vented to the atmosphere (or cabin) during its regeneration phase, the bed pressure during 

40 desorption decreases with increasing altitude, thereby enhancing the desorption process. 

[0007] In order to keep the oxygen concentration within maximum limits at low altitudes, processes have been de- 
veloped to reduce the performance. There are five primary methods for reducing/altering PSA performance: Altering 
overall cycle time (disclosed in Pat. Nos. 4,661 ,124 and 5,009,485), altering relationship of fill to vent within a given 
cycle period (disclosed in Pat, Nos. 6,077,311 and 6,383,256 B1), artificially increasing productf low by bleeding product 

45 to ambient (disclosed in Pat. No. 4,567,909) or restricting/controlling fill opening, vent opening or both to manage 
pressure drop and flow. 

[0008] Prior art OBOGS U.S. Pat. Nos. 4,661,124 and 5,004,485 (Humphrey, et al), disclose an alternating bed 
oxygen generating system with controlled sequential operation of charge and vent valves according to a series of 

selectable overall cycle times ranging between a minimum and a maximum, in a number of discrete steps. By extending 
50 the overall cycle time, efficiency of the system is reduced thereby regulating the product gas oxygen concentration to 
within physiological maximum limits. 

[0009] In U.S. Pat. No. 4,661 ,124, the overall cycle time of the molecular sieve beds is controlled using a pressure 
transducer on the basis of cabin pressure that is indicative of the altitude at which the aircraft is operating. 
[0010] In U.S. Pat. No. 5,004,485, an oxygen sensor is used to test the gas concentration and a comparator function 
55 is implemented to compare the sensed oxygen concentration with values in a look-up table of desired product gas 
oxygen concentrations at various altitudes. In response to implementing the comparator function the overall cycle time 
is controlled to provide suitable concentration levels. 

[0011] Prior art systems employing overall cycle time control, such as disclosed in U.S. Pat. Nos. 4,661,124 and 



2 



EP 1 374 972 A1 



5,009,485 (Humphrey et al) suffer from a disadvantage in that it is difficult to accurately control the output oxygen 
concentration because performance changes occur over a small range (e.g. 4.5 seconds to 5.5 seconds in some 
systems, whereas cycles ranging from 5.5 seconds to 8,5 seconds do not result in any performance changes). 
[0012] Dynamic control of system performance to regulate product gas to within the minimum and maximum phys- 
5 iological limits requires reliable performance of the oxygen sensor connected to the concentrator output. U.S. Pat. No. 
5,071 ,453 (Hradek, et al) discloses a Built-in-Test (BIT) function for implementing a system self-test for preflight and 
an oxygen sensor calibration check for operational level maintenance. 

[0013] In U.S. Pat. Nos. 6,077,311 and 6,383,256 B1 , the overall cycle time of each of the molecular sieve beds is 
maintained constant while that duration of the adsorption phase to the desorption regeneration phase is changed. 
10 [0014] While the above-cited references introduce and disclose a number of noteworthy advances and technological 
improvements within the art, none completely fulfills the specific objectives achieved by this invention. 

Disclosure of Invention. 

15 [0015] The present invention relies upon the ability of a slide valve or similar valve used in an OBOGS to remain in 
a third state which is neither completely open nor completely closed or control the rate/slew of the transition from state 
1 to state 2. Furthermore, this third state should be able to be manipulated in order to provide a variable restriction to 
air flowing into the molecular sieve beds (charge) and depleted air flowing out of the molecular sieve beds (vent). 
Generally the restriction created by the less than completely open valve results in a reduction of the separation efficiency 

20 of the molecular sieve bed and a reduction in the oxygen content of the product gas. The reduction in the product gas 
oxygen content is related to the amount of restriction created by the valve. 

[0016] In accordance with the present invention, a molecular sieve gas concentration controller system controls and 
monitors a product gas generated by a known type of molecular sieve device that has at least n molecular sieve beds 
for separating a selected gas from an input gas supply. The molecular sieve control system includes m number of 
25 valves (where m is one or more) having at least 3 different states or positions. The valve further has an input for 
receiving the input gas supply and at least y (where y is two or more) outlets. 

[0017] For example, a simple valve may have four ports: one inlet and three outlets. During operation the one inlet 
is for air supply, one outlet is for bed venting and two outlets are for flow of air into each of two beds: bed 1 and bed 
2. The inlet is communicated to bed 1 , bed 2 or both during operation. The vent is connected to the beds inversely to 

30 the inlet. When the inlet communicates with bed 1 , the vent communicates with bed 2. When the inlet communicates 
with bed 2, the vent communicates with bed 1 . The inlet and vent ports will not communicate due to the slide valve 
design. There are three states of the valve. State 1 is where bed 1 is fully open to the inlet (closed to the vent) and 
bed 2 is fully open to the vent (closed to the inlet). State 2 is where bed 2 is fully open to the inlet (closed to the vent) 
and bed 1 is fully open to the vent (closed to the inlet). State 3 is when the valve has moved partially from state 1 to 

35 state 2, causing variable amounts of restrictions in bed ports and vent port. The controller as a function of desired 
purity of product controls the amount of restriction. 

[0018] A movement system, such as a piston or motor, controllably moves the valve from one state to another. A 
controller that is operably connected to the movement means varies the restriction in state 3 in a selected open pas- 
sageway in the valve. The invention can be applied to sieve bed systems with valves independently controlling vent 
40 gas., input gas or outlet gas flows, but for simplicity of the patent description, dependant control of both inlet and vent 
gas flow is described. 

[0019] As the valve is caused to cycle back and forth from state 1 to state 2, it can be stopped at state 3 for any 
amount of time up to nearly the full half-cycle of the valve's motion in each direction. State 3 can occur in either transition 
from state 1 to 2, or from state 2 to 1 . The following diagram illustrates the state 3 of the slide valve motion (and where 
45 it is stopped) on the restriction of the flow-area of the valve. Note that the terms "fully open" and "fully closed" in this 
diagram refer to the inlet flow path for one bed. That is, when the slide valve is fully open to charge one bed, the vent 
path to that bed as well as the charge path to the other bed is fully closed. And, conversely, when the slide valve is 
fully closed to prevent charging one bed, the purge vent to that bed and- the charge paths to the other bed are fully open . 

50 



55 
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[0020] Note that neither the frequency (or period) of the bed cycles nor the relative duration of the vent or fill to overall 
20 cycle time is changed using this method of varying product gas composition. This method provides a manner of gen- 
erating a desired oxygen concentration by monitoring the oxygen concentration of the product gas and adjusting the 
amount of restriction created by the slide valve such that the resulting oxygen concentration is driven toward the desired 
value. 

[0021] These and other objects, advantages and features of this invention will be apparent from the following de- 
25 scription taken with reference to the accompanying drawings, wherein is shown the preferred embodiments of the 
invention. 

Brief Description of Drawings. 

30 [0022] A more particular description of the invention briefly summarized above is available from the exemplary em- 
bodiments illustrated in the drawing and discussed in further detail below. Through this reference, it can be seen how 
the above cited features, as well as others that will become apparent, are obtained and can be understood in detail. 
The drawings nevertheless illustrate only typical, preferred embodiments of the invention and are not to be considered 
limiting of its scope as the invention may admit to other equally effective embodiments. 

35 

• Figure 1 is a cross section of the 4-port slide valve of the present invention, depicting state 1 for bed 1 is fully open 
to the inlet (closed to the vent) and state 2 for bed 2 is fully open to the vent (closed to the inlet). 

• Figure 2 is a cross section of the 4-port slide valve of the present invention, depicting state 1 for bed 2 is fully open 
to the inlet (closed to the vent) and state 2 for bed 1 is fully open to the vent (closed to the inlet).. 

40 • Figure 3 is a cross section of the 4-port slide valve of the present invention, depicting state 3 where the valve has 
moved partially from state 1 to state 2. The state 3 is for bed 2, causing variable amounts of restrictions of flow to 
bed 2 and venting from bed 1 to the vent port. 

• Figure 4 is a cross section of the 4-port slide valve of the present invention, depicting state 3 where the valve has 
moved partially from state 1 to state 2. The state 3 is for bed 1 , causing variable amounts of restrictions of flow to 

45 bed 1 and venting from bed 2 to the vent port. 

• Figure 5 is a graphical illustration showing how gas pressure at the sieve bed inlet varies with normal slide valve 
transit time (or valve system operation) typical of prior art devices. 

• Figure 6 is a graphical illustration similar to Fig. 5 showing how gas pressure in the sieve bed inlet varies with 
restricted flow due to controlled valve operation. 

50 • Figure 7 is a graphical representation of a typical OBOGS with a slide valve air control. 

Mode(s) for Carrying Out the Invention. 

[0023] So that the manner in which the above recited features, advantages and objects of the present invention are 
55 attained can be understood in detail, more particular description of the invention, briefly summarized above, may be 
had by reference to the embodiment thereof that is illustrated in the appended drawings. In all the drawings, identical 
numbers represent the same elements. 

[0024] One method of reducing the oxygen content of the product gas from an OBOGS is to restrict the inlets or 
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exhaust/vent flow passages and thus creating a change of the mass flow of air into the inlet or restricting the flow 
through the sieve beds. This will reduce performance below optimum levels. This could be done, for instance, with an 
adjustable valve in the inlet airflow path or vent flow path. This is accomplished by adjusting such a valve automatically 
under the control of an electronic controller that monitors the oxygen content of the OBOGS product gas, a means of 

5 automatic composition control is produced. 

[0025] A method of controlling the slide vaive of a known system as that taught by U.S. Pat. No. 5,858,063 (Cao et 
al.) has been developed which simultaneously allows automatic flow restriction of the inlets and air/exhaust porting 
(the normal purpose for the valve). There is a variety of valves and combination of sieve bed configurations for which 
the present invention can be applied. In a first example the invention can be applied to a 4-port slide valve. 

10 [0026] A molecular sieve gas concentration controller system of the present invention controls and monitors a product 
gas generated by a known type of molecular sieve device that has at least n molecular sieve beds BED1 , BED2 for 
separating a selected gas from an input gas supply INLET. The molecular sieve control system includes a slide Valve, 
VI having at least n different states, where n is at least 2. The slide valve, VI further has input 10 for receiving the 
input gas supply and at least n outlets 11 , 12, and 13. In each state of the slide valve VI , the slide valve VI creates 

15 an open passageway 14 pennitting flow of gas from the input 10 of the slide valve to at least one different outlet 11 , 
as shown in Fig. 1 . The slide VI has first position (POST1) that provides passageway 11 , while simultaneously con- 
necting ports 12 and 13. The passageway 15 is created simultaneously with 14. 

[0027] The slide valve VI has a first position (POS A) that has an open passageway 14from the input 1 0 to a selected 
outlet 1 1 , and a second position (POS B) that has or creates a blockage between the input 10 and the selected outlet 
20 11 , for example Fig 1 . Transitioning the slide valve VI from the first to the second position is the nonnal operation of 
the valve. The slide valve VI has a second position (POS B) that has an open passageway 1 6 from the input 1 0 to a 
selected outlet 13, and a first position (POS A) that has or creates a blockage between the input 10 and the selected 
outlet 1 3, for example Fig 2. Transitioning the slide valve VI from the second to the first position is the normal operation 
of the valve. 

25 [0028] State 3 is created when the slide valve in its movement from POS A to POS B is stopped creating a variable 
amount of restriction 21 in the flow of gas between the input 1 0 and the selected outlet 1 1 . Simultaneously with restriction 
21 between ports 10 and 11 , the transitioning provides a restriction 22 between ports 13 and 12, as depicted in Fig 3. 
State 3 is also created when the slide valve, VI during it's normal movement from POS B to POS A is stopped, creating 
a variable amount of restriction 19 in flow of gas between the input 10 and the selected outlet 13, as depicted in Fig 

30 4. Simultaneously with restriction 1 9 between ports 1 0 and 1 3, the transitioning provides a restriction 1 8 between ports 
11 and 12, as depicted in Fig 3. 

[0029] State 3 can also be created during the transition from POS A to POS B if the movement is not completely 

stopped, but the movement is slow, where the transition period or slew is the same as the hair cycle period. 

[0030] An input connection 10 for each of the n sieve beds is in gas flow communication with an outlet 11,12, and 

35 13 of the slide valve VI. A movement system MS, such as mechanical or gas controls CONTROL1, G0NTR0L2, 
controllably moves the slide valve VI for one state to another. A controller/monitor G/M that is operably connected to 
the movement means MS varies the restriction in a selected open passageway In the slide valve VI . 
[0031] With reference to known types of OBOGS shown in Fig. 7, a functional schematic diagram is provided that 
employs variable bed restriction control for regulating oxygen concentration. The OBOGS illustrated in Figs. 7 may 

40 utilize conditioned engine bleed air and electrical power from the aircraft resources to provide oxygen enriched air for 
crewmember breathing within a predefined range. 

[0032] Additional molecular sieve beds can be added in "parallel" to oxygen beds, BED1 and BED2, and appropriately 
operationally connected into the apparatus. To simplify explanation of the present invention, however, only two are 
shown and will be discussed. 

45 [0033] The two oxygen beds are cycled alternately between the pressurization or oxygen-producing mode and the 
vented (or flushed), regenerative, nitrogen-purging mode by the slide valve VI . The oxygen-enriched output product 
gas from the pressurized beds flows through check valves CV1 and CV2 and on to the crewmember breathing gas 
delivery lines or other desired product gas outputs. An oxygen sensor in the controller/monitor, CM provides a contin- 
uous monitoring of the outlet gas quality and other pre-determined characteristics. The controller/monitor, CM may 

50 optionally provide a warning signal to detect off-limit or out-of-limit conditions. 

[0034] The combination shutoff valve/regulator REG1 is located at the input to the concentrator, just after the filter 
FLTR1 , so that the concentrator may be shut down by a command from the controller/monitor CM or deactivated when 
electrical power is removed. The shutoff valve utilizes inlet air pressure supplied from the CM to control the shutoff 
valve. The shutoff valve is spring loaded in the closed position and opens only when energized, allowing the control 

55 pressure to overcome the spring pressure. The shutoff valve protects the molecular sieve beds in the event air pressure 
is available and the CM does not have electrical power. 

[0035] The pressure regulator is used to maintain molecular sieve bed pressure, and therefore pressure swing, at a 
constant value so that unit perfonnance is not affected by upstream variations in air pressure, and to avoid excessive 
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air use when the inlet pressure is high. 

[0036] The regulator produces a controlled gauge pressure. 

[0037] Pressure swing cycling of the molecular sieve beds in the prior art system is accomplished through the use 
of reciprocating slide valve V1 . The valve is activated by a control system of either gas or mechanical means, Control 
5 and Control2. An electronic timing circuit in the CM causes the control system to change state. The cycle rate is selected 
and fixed to best accommodate flight conditions. 

[0038] Check valves CV1 and CV2 are built into the output flow tube of the oxygen beds and direct the output of the 
producing bed to the connector outlet and limit the backflow that purges the molecular sieve of the non-producing bed. 
Check valves and purge orifices can be replaced by additional control valves. To simplify expansion of the present 
10 invention, only the current invention will be discussed with non-controlled devices. 

[0039] Purge flow for the oxygen beds is accomplished through dual precision-machined orifices ORF1 and 0RF2 
contained in a cross-flow tube connecting the bed caps upstream of the check valves, The dual orifice approach could 
be replaced with a single orifice in cross flow tube, 0RF1 . 

[0040] The concentrator preferably includes a CM that monitors and controls the concentrator. The CM may provide 
15 the operator with continuous verification of acceptable concentrator performance and detection of concentrator failures, 
as well as verification of the CM functionality. 

[0041] In the normal monitoring mode, the oxygen product gas flows to the CM and is monitored for purity above 
acceptable limits. The CM may provide a warning via a discrete warning signal whenever the partial pressure of oxygen 
drops below a specified limit as a function to altitude. 

20 [0042] The controller monitor CM controls the function of the cycling of the slide valve V1 . 

[0043] Composition control (which is active for altitudes less than a predetermined altitude) may be selected by 
placing a switch in an identified position or can be automatic. This in turn, provides a control signal to the CM that 
activates the restriction cycle control mechanism. In this mode, the oxygen concentration is controlled within the pre- 
determined limits. This control is accomplished by varying the operation of the slide valve V1 . The slide valve responds 

25 to signals from the CM, which continuously compares the product gas oxygen concentration to an ideal level, and 
varies the slide valve operation, and specif ically the restriction in the fluid/air flow, accordingly to maintain the required 
concentration. 

[0044] It is preferred that both the frequency (or period) of the bed cycles and the relative duration of the vent or fill 
to overall cycle time remain constant or unchanged using this method of varying product gas composition. Unlike prior 
30 known OBOGS, the present method provides a manner of generating a desired oxygen concentration by monitoring 
the oxygen concentration of the product gas and adjusting the amount of restriction created by the valve assembly 
such that the resulting oxygen concentration is driven toward the desired value. 

[0045] Figs. 1 & 2 schematically illustrate two positions of a slide valve V1 with (labeled position A and position B). 
When the Sliding Block 20 is in position A, inlet gas flows without restriction from the inlet 10 to Port 11 through path 
35 14. Simultaneously, vent gas flows without restriction from Port 13 to Port 12 through path 15. Similarly, gas will flow 
from the inlet 10 to Port 13 through path 16 when the sliding block 20 is in position B and simultaneously, vent gas 
flows without restriction from Port 11 to Port 12 through path 17. 

[0046] If the sliding block 20 is stopped at any point between position A and position B, creating state 3, Figs. 3 & 

4, there will be some restriction created in the flow path. By controlling CONTROL1 and CONTROL 2 operably con- 
40 nected to opposing sides of the sliding block 20 that jointly act to drive the sliding block component 20 of the sliding 

valve VI back and forth, it is possible to provide variable amounts of flow restriction as a function of time. 

[0047] In operation, controlling the slide block 20, by air pistons or gears or motors or electro-magnets causes the 

sliding valve block 20 to rapidly move from position A to position B. Then at a predetennined, fixed time, the slide bock 

will move from position B to position A. 
45 [0048] The trace depicted in Fig. 5 of inlet pressure (depicting flow) was recorded from an OBOGS slide valve. The 

first shows a normal unit without modification to the slide valve transit time. 

[0049] The traces depicted in Fig. 6 shows the same inlet pressure with the CM modulating the control mechanism 
to provide slower slide valve transit time. Note the significantly reduced pressure dips. This results in lower oxygen 

concentration. 

50 [0050] While the valve VI is described as a slide type of valve above, any type of valve assembly may be utilized 
such that it is controllable and can function to provide a variable restriction on the fluid flow. For example a rotary valve 
having an outer ring and an interior element whereby the outer ring is movable about the inner element (or vice versa) 
may be substituted. The inlet and the outlets would be formed in the outer ring and inner element such that a rotary 
movement opens and closes passageways formed in the inner element and outer ring. 

55 [0051] The foregoing disclosure and description of the invention are illustrative and explanatory thereof, and various 
changes in the size, shape and materials, as well as in the details of the illustrated construction may be made without 
departing from the spirit of the invention. 
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Claims 

1 . A molecular sieve gas concentration controller system for controlling a molecularsieve device separating a selected 
gas from an input gas supply, the apparatus comprising: 

5 

n gas concentrating molecular sieve beds; 

a valve assembly having at least n different states, where n is at least 2; the slide valve further having: 

an input for receiving the input gas supply and at least n outlets; 

10 in each state of the valve assembly, the slide valve creates an open passageway permitting for flow of 

gas from the input of the slide valve to at least one different outlet; and from second outlet to the vent; 
the valve having a first position having an open passageway from the input to a selected outlet, and a 
second position having a blockage between the input to the selected outlet; and, 
transitioning the valve from the first to the second position creates a variable amount of restriction in the 

15 flow of gas between the input and the selected outlet; and from second outlet to the exhaust; 

an input connection for each of the n sieve beds in gas flow communication with an outlet of the valve; 
movement means for controllably moving the valve assembly for one state to another; and, 
control means operably connected to the movement means for varying the restriction in a selected open pas- 
20 sageway in the valve assembly; 

whereby a mass flow restriction is created between the inlet or outlet and the sieve beds reducing performance of 
the molecular sieve beds below optimum levels. 

25 2. The apparatus of claim 1 further including a sensor means operably connected to the controller for sensing a 
concentration of a desired constituent of the product gas. 

3. The apparatus of claim 1 wherein the valve assembly is a slide valve and the movement means are two opposing 
pistons operably connected to opposing sides of a sliding block component of the slide valve. 

30 

4. The apparatus of claim 3 further including a solenoid valve operably connected to each piston to pressurize and 
vent the piston thereby actuating the piston. 

5. The apparatus of claim 4 wherein one of the solenoid valves is cycled at a more rapid rate during venting portions 
35 of a venting/pressurization cycle. 

6. A method for controlling a molecular sieve device separating a selected gas from an input gas supply to reduce 
performance of molecular sieve beds below optimum levels, comprising the steps of: 

40 providing n gas concentrating molecular sieve beds; 

providing a valve assembly having at least n different states of a slide block member, where n is at least 2; 
the valve assembly further having: 

an input for receiving the input gas supply and at least n outlets; each of the n sieve beds having an input 
45 connection in gas flow communication with an outlet of the valve assembly; 

in each state of the valve assembly, the valve assembly creates an open passageway permitting for flow 
of gas from the input of the valve to at least one different outlet; 

the valve assembly having a first position having an open passageway from the input to a selected outlet, 

and a second position having a blockage between the Input to the selected outlet; and, 
50 actuating movement means for controllably moving the valve assembly for one state to another to transition 

the slide block member of the valve assembly from the first to the second position creates a variable 
amount of restriction in the flow of gas between the input and the selected outlet; as well as restriction if 
flow of gas between second outlet and exhaust; 

55 whereby a pressure drop is created between the inlet or outlet and the sieve beds reducing performance of the 

molecularsieve beds below optimum levels. 

7. The method of claim 6 further including controlling the movement of the valve assembly with a control means 
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operably connected to the movennent means for varying the restriction in a selected open passageway in the valve 
assembly. 

8. The method of claim 7 further including a sensor means operably connected to the controller for sensing a con- 
centration of a desired constituent of the product gas. 

9. The method of claim 6 wherein the valve assembly is a slide valve type and the movement means are two opposing 
pistons operably connected to opposing sides of a sliding block component of the slide valve. 

10. The method of claim 9 wherein the movement means further includes a solenoid valve operably connected to each 
piston to pressurize and vent the piston thereby actuating the piston. 
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Slide Valve, VI 
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State 1, Bed 2, All Inlet Flow, No 
Vent Flow 

State 2, Bed 1, No Inlet Flow, All 
Vent Flow 
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Slide Valve, VI 
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State 3, Bed 1, No Inlet Flow, Restricted 
Vent Flow 

State 3, Bed 2, Restricted Inlet Flow, No 
Vent Flow 
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Slide Valve, VI 
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State 3, Bed 2, No Inlet Flow, Restricted 
Vent Flow 



State 3, Bed 1, Restricted Inlet Flow, No 
Vent Flow 
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Fig. 4 

Slide Valve, VI 
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